drawback to the widespread use of otolith 87 Sr/ 86 Sr isotope analysis is that it requires fish to 53 be sacrificed for otolith extraction. This approach is typically not an option for fish species or 54 populations that are of conservation concern and require non-lethal sampling methods. 55
Alternative fish tissue samples such as scales, spines and fin rays also provide 56 3 ) water and cleaned using an ultrasonic water bath for 15 minutes 139 to remove excess organic tissue. The samples were rinsed again with ultrapure water, placed 140 in new 1.5 ml vials and allowed to dry in a class 100 laminar-flow hood. After drying for 48 141 h, scales were mounted on petrographic slides using double sided tape ready for laser ablation 142
analysis. 143
Otoliths were embedded in epoxy and allowed to cure for 48 hours. The core of the 144 otolith was identified and marked using a dissecting microscope and a fine point permanent 145 marker. Two transverse cuts were made on either side of the core using a low speed saw 146 (IsoMet, Buehler) fitted with a 12.7 cm wafering blade to create a thin section that exposed 147 the core and growth rings extending to the edge of the otolith. Sections were then sanded 148 using a MTI Corporation UNIPOL 1210 grinding/polishing machine with 1500 grit sand 149 paper wetted with ultrapure water, dried for 48 hours, and then mounted to petrographic 150
slides for laser ablation analysis (Thorrold and Shuttleworth 2000, Hobbs et al. 2010). 151
Spines underwent an extra cleaning cycle after drying using a sharp blade to remove 152 skin tissue which adheres tightly to the fish spines. They were then set vertically using a thin 153 layer of modeling clay, centered in a 1 cm diameter tube, and embedded in epoxy. Note, that 154 the inside walls of tube must be first treated with a thin layer of mineral oil so that the epoxy 155 will release when hardening is complete. After 48 hours, two transverse cuts were made 156 within 2-3 mm of the base of the spine using a low speed saw (IsoMet, Buehler) fitted with a 157 12.7 cm wafering blade to create a thin section. Sections were then sanded using a MTI 158
Corporation UNIPOL 1210 grinding/polishing machine with 1500 grit sand paper wetted 159 with ultrapure water, dried for 24 hours and then mounted to petrographic slides for laser 160 ablation analysis (Thorrold and 
2001). 206

Data analysis 207
The data from all laser tracks measured for each sample were first checked for spatial 208 homogeneity and then averaged to create a single average value for the sample. 
Results
214
Marine samples 215
The marine samples (white seabass otolith, salmon shark tooth, green sturgeon 216 pectoral fin ray) were measured using different instrument tuning conditions. Observed oxide 217 levels (measured as 88 Sr 16 O/ 88 Sr) varied significantly and were most dependent on the plasma 218 sampling depth, or distance from the load coil to the sampler cone. As the plasma sampling 219 depth was increased to 2.5 mm the oxide levels decreased three fold and remained stable 220 around 0.0004%, before a small increase to 0.0005% related to the significant loss of 88 Sr 221 signal intensity at these tuning conditions (Fig. 2, seawater with an average offset of the salmon shark tooth of 43 ppm ± 66 ppm (n=20, 2σ) 236
and 55 ppm ± 85 ppm (n=11, 2σ) for the green sturgeon pectoral fin ray (Fig. 2) (Table 3) . During instrument conditions tuned for reduced oxide levels, the average 260 difference from the otolith was reduced to 86 ppm ± 99 ppm (n=10, 2σ) for spines and 65 261 ppm ± 78 ppm (n=10, 2σ) for scales (Fig. 4B) . This is an improvement by an order of 262 magnitude and has led to a significant shift in the mean 87 rates or laser cell gas flow rates can also reduce oxide transmission. However, this can be 299 problematic because it will also effect the laser cell interface with the He and Ar gas flow and 300 ICP, which complicates the tuning. 301
The effect that this tuning of instrument conditions has on the obtained results is best 302 demonstrated by comparing the 87 Sr/ 86 Sr isotope ratios of white seabass otolith, green 303 sturgeon pectoral fin ray and salmon shark tooth (Fig. 2) (Fig. 3, Fig. 4 Sr isotope ratios in scales and spines is not 321 related to fish movement but rather due to analytical interference. 322
The scales and spines showed elevated apparent 87 Sr/ 86 Sr isotope ratios when the 323 instrument was tuned for maximum signal intensity and low plasma sampling depth (Fig.  324   4A ), but showed similar values to the otolith once the instrument was tuned to reduced oxide 325 levels (Fig. 4B) . The white seabass otolith, which should not be affected by the polyatomic interference, does not exhibit any variation in its 87Sr/86Sr isotope ratios at different instrument tuning conditions. In contrast, the salmon shark tooth and the green sturgeon pectoral fin ray vary significantly with highly elevated 87Sr/86Sr isotope ratios at shallow plasma sampling depth. At oxide levels ~0.0004% measurements of both the salmon shark tooth and green sturgeon pectoral fin ray result in 87Sr/86Sr isotope ratios in agreement with the average 87Sr/86Sr isotope for seawater, an indication that the tuning was successful in removing the polyatomic interference. 78x51mm (300 x 300 DPI) D r a f t Fig. 3 : Time resolved analysis of the three different tissue types from one walleye sample (Fish sample ID 11) under different tuning conditions. The path of the analysis is shown as a white line in the microscope images and crossed the whole sample through the core. The red line in the graphs represents data obtained during instrument conditions tuned for maximum signal intensity and the black line data obtained during instrument conditions that minimize the oxide levels. In the otolith (A) no difference is observed between different instrument conditions, while for spine (B) and scale (C) significant differences are observed. Grey outlines represent the 95% confidence interval in the LOESS smooth. 279x380mm (300 x 300 DPI) D r a f t Fig. 4 : Plot of all walleye tissue samples analyzed for 87Sr/86Sr isotope ratios under standard instrument analytical conditions tuned for maximum intensity (A) reveal that scales and spines do not reflect the values obtained from otolith and water samples. Using methods to reduce oxide levels (B) all tissue types produce results within the expected 87Sr/86Sr isotope range of Boysen Reservoir. 106x91mm (300 x 300 DPI)
